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The  tendency of the skin to marsupia l ize  around a penetrat ing foreign body, leading to subsequent infection, 
Various invest igators  have remains  the m a j o r  contributing factor  to percutaneous a c c e s s  device (PAD) f a i l ~ r e l - ~ .  

used different techniques in a n  at tempt  to f o r m  a s e a l  between a PAD and the surrounding t i s sues  to inhibit epi- 
d e r m a l  downgrowth and prevent  the resul tant  infection::, 5* 6 .  

t r o m  doing so  by the presence  of the collagenous network of the dermis7 .  
hypothesized, can prevent  epithelial downgrowth along the device- t issue interface of a PAD. 

To nvoke this mechanism by o u r  PAD, the implant s u r f a c e  i s  rendered  nanoporous: that i s ,  nonintercom- 
municating pores  of one micron d iameter  and 20 depth a re  produced a t  a density of 15,000/mm2. The implant i s  
then coated with autologous d e r m a l  f ibroblasts  which inter lock f i rmly  with the nanoporous sur face .  This  i s  accom-  
plished in  vi t ro  (in a z e r o  s t r a i n  environment) using cel l  cul ture  techniques under conditions tnat favor  f ibroblast  
prol i ferat ion followed by collagen synthesis  and polymerization. The resu l t  is  a n  Autologous, Living, Coated,  
Nanoporous, o r  ALCON sur face .  

a "biological seal"  which is  impervious to fluids and microorganisms and a c t s  as  a physiological b a r r i e r  to the 
migra t ing  epithelial cel ls .  
the PAD-tissue interface.  

bility of inhibiting epithelial downgrowth along the ALCON PAD, kept in place f o r  an average  of 197 days. 

f e r r i n g  the technique of PAD inser t ion to  sheep;  and 3)  descr ibe  the  r e s u l t s  of a feasibility study of the initial s t e p s  
required to  repl icate  this technique f o r  human use. 

Basal  cells of the ep idermis  pro l i fe ra te  on but not through the d e r m i s .  It i s  believed that they a r e  prevented 
The s a m e  physio1op;ical mechanism,  we 

The m e r g e r  of the cultured d e r m a l  cel l  l a y e r s  on the PAD with the host d e r m i s  a f t e r  implantation resu l t s  in 

Under these conditions, normal  t i s sue  r e p a i r  is  expected to take place in the region of 
Thus ,  b a r r i n g  excess ive  t rauma,  the "seal" should l a s t  f o r  the life of the host. 

8 We previously reported the histological resu l t s  f rom o u r  f i r s t  group of swine which demonstrated the feas i -  

In this paper ,  we: 1) present  the c u r r e n t  s ta tus  of our  long-term PAD implants in swine; 2 )  r e p o r t  on t rans-  

MATERIALS AND METHODS 

After  initial skin biopsy, enzymes are used to  isolate  the f ibroblasts ,  which subsequently a r e  subcultured 
onto the polycarbonate (Lexan 104, G .  E. Schenectady, N Y )  s leeve  of the PAD for  about 2 wks*. 
the  f ibroblasts  f o r m  cytoplasmic project ions into the p o r e s ,  produce a mult i layer  coating, and synthesize collagen. 
Upon implantation of the PAD into the swine, using one of the 2 previously descr ibed  methods', these  f ibroblasts  
will be  integrated with the d e r m i s  forming a sea l  stron,g enough to a c t  as a b a r r i e r  to epithelial downgrowth and 
bac ter ia l  invasion. 

The design of the PAD model (patent pending) and i t s  dimensions were  descr ibed in :a previous report''. It 
cons is t s  of various p a r t s  (F igure  1): a s ta in less  s tee l  c o r e  covered with Dacron velour, the flange; the Lexan 
s leeve ,  which f o r m s  the c r i t i ca l  t i s sue  interface,  wher,e the device p ie rces  the skin; and a n  extension used to p r e -  
vent overgrowtt  of the PAD by the skin (such a n  extension i s  necessi ta ted by the fact that this vers ion of the PAD 
i s  not attached to anything e i ther  external ly  or  internally. It was designed specifically to  tes t  the ability of the 
ALCON s u r f a c e  to f o r m  a successful  biological s e a l ) .  The 1,exan s leeve  i s  rendered nanoporuus by nuclear  bom- 
bardment  follomed by sodium hydroxide etching. 

Yucatan miniature  swine to evaluate long-term (2 y r )  host-deLice interaction. 
c u r r e n t  group and 4 controls  (identical devices ,  but without the f ibroblast  coating). 
applied weekly to keep the implant and i t s  adjacent  a r e a  clean,  no topical o r  sys temic  medications w e r e  adminis-  
te red .  

Sheep. To assess the feasibility of t r a n s f e r r i n g  the technique of cel l  cu l ture  and PAD inser t ion to  sheep ,  
10 PADs w e r e  implanted in 5 female Suffolk sheep  (weighing between 46-107 kg) and kept in place f o r  a period of 
5-8 wks. In 2 of these sheep,  the PAD was attached to a subcutaneous pumping chamber  and provis ions w e r e  made  
f o r  the  passage  of g a s  through the PAD. A h a r n e s s  encircled the  neck,  c h e s t  and front  legs  of each sheep.  Looped 
and secured  to  the h a r n e s s ,  the air tube f r o m  the PAD led f r o m  there  to a swivel joint above the pen. Daily in te r -  
mit tent  pumping was  begun. 

s a m p l e s  w e r e  obtained f r o m  7 pat ients  (ranging f r o m  42-77 y r s  of a g e )  undergoing elect ive surgery .  

During this t ime,  

Swine. A single  PAD was  implanted ( surg ica l  technique IS descr ibed  by Wasfie') in each of the CSL' 19 

Except f o r  a d r y  d r e s s i n g  
T h e r e  w e r e  15 ALCON PADs in the 

Human. To  de termine  whether  f ibroblas t s  f r o m  older  humans can  b e  cultured by the s a m e  technique, biopsy 
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T A B L E  I .  C U R R E N T  STATUS OF S W I N E  PADS ( C O N T R O L )  

Implant Durat ion 
PAD No. (days ) :r s t a t u s  CI i n i c a l  Observat ion -- 

38 
39 
40 
52 

215 S k i n  r e t r a c t e d  from sleeve 
238 Exp 1 Gross i n f e c t i o n  
145 S k i n  r e t r a c t e d  from s l e e v e  
185' Exp 1 Explanted,  s w i n e  d i e d  

"Implant d u r a t i o n  t o  f a i l u r e  
+NO c l i n i c a l  s i g n  of  f a i l u r e  
E x p l  = Explanted 

T A B L E  I I .  C U R R E N T  STATUS OF A L C O N  P A D  IMPLANTS I N  SWINE 

Implant Durat ion 
PAD No. ( day s ) 9: s t a t u s  CI i n i c a l  Observat ion -- 

l o  
19 
21 
30 
31 
32 
3 3  
34  
36 
37 
41 
46 
48 
49 
55 

186 
7 76' 
136' 
431 
499+ 
377' 
339 
532' 
420 
201+ 
633 
61 5' 
517' 
51 7' 
314 

Exp 1 P r e s s u r e  n e c r o s i s  of t h e  s k i n  by t h e  f l a n g e  

Exp 1 Explanted fo l lowing  trauma 
Exp 1 P r e s s u r e  n e c r o s i s  of t h e  s k i n  by  t h e  f l a n g e  
Exp 1 Animal d ied  of leukemia 

Exp 1 Broken s l e e v e  

Detachment of t h e  s k i n  from t h e  s l e e v e  

Exp I I n f e c t i o n  under t h e  f l a n g e  

E x p l  Detachment o f  velour  

:':Implant d u r a t i o n  t o  f a i l u r e  f o r  PADS tha;  f a i l e d  w i t h  no c l i n i c a l  s i g n  o f  fz l i lu re  or  

+ N O  c l i n i c a l  s i g n  of  f a i l u r e  or  i n f e c t i o n  
Expl = Explanted 

t o  7/10/85 f o r  implants  

RESULTS 

Swine. Tables  I and I1 show the s ta tus  and outcome of PAD implants in the swine. Three  out of 4 controls  
failed 5 to 7 mos  postimplantation. One had to  b e  removed following infection around the PAD (PAD No. 39). The 
remaining 2 (PAD Nos. 38 and 40)  showed progress ive  s inus formation and skin re t rac t ion  exposing the velour. 
Although the fourth control PAD did not show clinical s igns of fa i lure ,  it had to  be  explanted due to p r o g r e s s i \ e  
weight loss by the swine, caused by a pyloric tumor which necessi ta ted sacr i f ice  of the animal .  

Two were re- 
moved due to mater ia l  failure: PAD No. 33 following f r a c t u r e  of the s leeve ,  and PAD No. 55, following detachment  
of the velour ,  the c a u s e  of which i s  not yet  determined.  Two PADS (Nos. 10 and 30) failed because of a n  e r r o r  in 
the surgical  implantation technique. 
Histology of the interface showed the epithelial downgrowth halted a t  the junction of the s leeve  and the extension 
(F igure  1). 

skin from the s leeve ,  while a l l  o ther  ALCON PADs (duration of these range f r o m  8-25 m o s )  a r e  clinically sa t i s fac-  
to ry  with no sign of infection o r  marsupial izat ion.  Considering only the 10 PADs that did not encounter technical 
problems,  we find that the PAD fa i lure  r a t e  (to July, 1985) i s  1 every  82 implant-months, compared to 1 e v e r \  7 
implant-months in the control group (Tables  I and 11). 

Five to  8 wks a f te r  implantation, 3 control  
and 5 ALCON PADs w e r e  removed en bloc and fixed in 10% buffered formaldehyde. The Lexan s leeve  was dissolved 
in methylene chloride and the s ta in less  steel skeleton of the PAD dissec ted  to  allow sectioning. Sections w e r e  taken 
a t  the 6 o'clock and 12 olclock positions. The gross appearance showed bland f ibrous t i s sue  surrounding the PAD 
necks.  Microscopically, t h e r e  was evidence of foreign 
body react ion around the Dacron velour ,  and in s o m e  sect ions minimal  acute  inflammation surrounded the t rac t .  

Of the 1 5  ALCON PADs (Table I I ) ,  5 had to be  explanted due to various technical problems.  

The fifth (PAD No. 21 )  was  removed a f t e r  t rauma of unknown origin to the PAD. 

Of the remaining 10 ALCON PADs, only 2 (PAD Nos. 36 and 41)  showed deter iorat ion with re t rac t ion  of the 

Sheep. Ten PADs w e r e  implanted, 7 ALCON and 3 control .  

T h e r e  w a s  s o m e  desquamated epithelium on the sur face .  
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In the 3 controls ,  the ep idermis  had migrated 75%,  l C O ' i ,  and 00% of the d e r m a l  thickness ,  respect ively (F igure  
3 ) .  
into the t r a c t  (F igure  4 )  in 5 of the 10 sect ions examined. 
2 5 8 ,  337, and SO'$,  respect ively.  

of infection o r  s inus  formation to da te ,  4 mos postimplantation. 

skin i s  technically e a s i e r  to d issec t  (dermis  f rom epidermis)  than that of swine o r  sheep ,  and that obtaining ;I con- 
fluent cul ture  a s  well a s  mult i layered f ibroblast  growth, even f rom a 77  y r  old donor ,  appears  feasible. 

In cont ras t ,  with ALCON sur faced  implants ,  the (:pidermis halted abruptly a s  it turned f rom the skin s u r f a c e  
In the o thers ,  the extent  of migration was l o $ ,  20g. 

Clinical observat ion of the 2 sheep which have ac t ive  ( t ransmit t ing pneumatic power)  P A D s  revea ls  no s ign 

Human. A l l  7 spec imens  were  successful ly  cultured onto [.exan. Our  initial impress ions  a r e  that human 

DISCUSSION 

When considering requi rements  f o r  a successful  P A D  that would allow long-term a c c e s s  to the internal 
environment 01' the human body, cer ta in  c r i t e r i a  m u s t  b e  m e t .  
to  any penetrat.ing foreign body, the tendency for  marsupial izat ion,  mus t  be  overcome in o r d e r  to achieve a s table  
long-lasting s e a l  between the PAL) and the surrounding t i s sues .  
the surrounding t issue must  be  minimized to pro tec t  the bond between the ce l l s  and the P A D .  

successful  in inhibiting epithelial downward migration. Our  solution to the second re l ies  on :I l a rge  subcutaneous 
Dacron velour covered flange to red i rec t  s t r e s s  away from the PAD-tissue interface1 l .  

The fai lure  r a t e  of ALCON P A D s  i s  1 p e r  82 implant-months while in controls  i t  i s  1 p e r  7 implant-months. A s  
a re ference ,  the r a t e  of exit s i te / tunnel  infections f o r  continuous ambulatory peritoneal dialysis  ( C A P D )  patients 
reported by the NII i  National C A P D  registry1:! i s  1 p e r  20 implant-months. 

Once :I long-term P A D  i s  obtained, the potential medical  uses arc  numerous3. C)ur laboratory de\ eloped 
and in\ cstigated the clinical application of a pneumatic:ally powered par t ia l  mechanical hear t ,  the dynamic aor t ic  
pat(-h ( D A P ) .  
a o r t i c  Ixilloon pump and has  demonstrated i t s  hemodynamic effectiveness over  a :$ mo period in a patient in h is  own 
home setting1:l-l5. 
effectil c PAI) , i cccssary .  

h e a r t  a s s i s t  device ( i .  e .  the DAI'), a change in the experimentnl  animal  was des i rab le .  The sheep  was chosen. 
Initial histology is s i m i l a r  to that obtained f rom the swine. Our observat ion of PADS in the 2 sheep te thered to a 
d r i v e  unit ( 4  mos to  da te )  i s  consis tent  with our  expectations th:it once n sea l  between the PA11 and the surrounding 
t i s s u e  i s  achieved, it will s u s h i n  the s t r e s s  associated with energy t ransmiss ion .  

donors  (up to agc  7 7 )  allows US to Iiclicve that the development of a P A D  sui table  for  u s e  in humans i s  pract icable .  
Beyond i ts  utility i n  conjunction with mechanic.al c i rculatory ass i s tance  s y s t e m s ,  the potentic11 clinical npplic-ntions 
of a sat isfactory long-term 1'Al) extend to cli:iIj,sis, skeletal  a t tachment  of prosthet ic  l imbs,  ilrug tleli\ c'ry, and 
o ther  therapies .  

F i r s t ,  the natural  defense mechanism of the skin 

Second, mechaniral  s t r e s s  between the P A D  and 

Our solution to the f i r s t ,  the AI,CON surfaced P A D ,  which f o r m s  n s e a l  when implanted, appears  to be  

Our  P A D  was successful ly  tested in laboratory an imals  for long per iods of t ime (up to 77G days to da te ) .  

'This permancntly implanted left ventr icular  a s s i s t  device opera tes  on the s a m e  principle a s  the  in t ra -  

The requirement  lo r  connection to an external  pneumatic power source ,  howe\er ,  makes  a n  

In orde  I' to cxmfirm the ability of an AI,CON P A D  to maintain a t i s sue  s e a l  even when ;powering a functioning 

In addition, the feasibility of using the s a m e  cul ture  technique for human f ibroblasts  taken f rom elder ly  

A percutaneous :iccess device,  with :I fa i lure  r a t e  of 1 p e r  8 2  implant-months in swine shows promise  :is 
:in effectivc means  for  t r m s f c r r i n g  pneumatic power to a n  implanted h e a r t  a s s i s t  sys tem.  
tially u s e f u l  l o r  continuous ambulatory peritoneal dialysis  and othcsr therapies .  

The P A D  is :rlso poten- 
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F i g u r e  1 .  S i m p l i f i e d  drawing  o f  PAD show- 
i n g  i n t e r n a l  c o n s t r u c t i o n .  

F i g u r e  2. H i s t o l o g  c s e c t i o n  o f  t i s s u e -  
PAD i n t e r f a c e  remov d f rom a swine, 140 
days a f t e r  imp lan ta  i on .  I t  was 
exp lan ted  2 days f o  l ow ing  trauma o f  un- 
known o r i g i n .  The Lexan s leeve ,  wh ich  
had been on t h e  r i g h t ,  was d i s s o l v e d  t o  
g l l o w  s e c t i o n i n g .  Note t h e  ab rup t  t e r -  
m i n a t i o n  o f  t h e  ep ide rm is  a t  t h e  
ex tens ion -s leeve  j u n c t i o n .  
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Figure 3 .  Histological section o f  
skin in contact with a control PAD 
removed from left side o f  sheep t 6 1 ,  
5 wks after implantation, reveals a 
thin layer o f  epidermis growing to 
the level of the velour. 

Figure 4. Histological sec- 
tion of skin in contact with 
ALCON PAD removed from the 
right side of sheep 1161, 5 wks 
after implantation, showing 
abrupt termination o f  epider- 
mis. The Lexan sleeve, which 
had been on the left of the 
picture, was dissolved to 
allow sectioning. Hematoxy- 
lin, Phloxine, and Saffron 
(reduced 20% from X l 7 5 ) .  
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